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Does regenerated emission change the high-energy signal 
from gamma-ray burst afterglows? 
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ABSTRACT 

We study regenerated high-energy emission from the gamma-ray burst (GRB) after- 
glows, and compare its flux with the direct component from the same afterglow. When 
the intrinsic emission spectrum extends to TeV region, these very high-energy pho- 
tons are significantly absorbed by the cosmic infrared background (CIB) radiation 
field, creating electron/positron pairs; since these pairs are highly energetic, they can 
scatter the cosmic microwave background radiation up to GeV energies, which may 
change the intrinsic afterglow light curve in the GeV region. Using the theoretical 
modeling given in literature and the reasonable choice of relevant parameters, we cal- 
culate the expected light curve due to the regeneration mechanism. As the result, we 
find that the regenerated emission could only slightly change the original light curve, 
even if we take a rather large value for the CIB density, independently of the density 
profile of surrounding medium, i.e., constant or wind-like profile. This ensures us the 
reliable estimation of the intrinsic GRB parameters when the high-energy observation 
is accessible, regardless of a large amount of uncertainty concerning the CIB density 
as well as extragalactic magnetic field strength. 

Key virords: gamma-rays: bursts - diffuse radiation - magnetic fields. 



1 INTRODUCTION 

Gamma-ray bursts (GRBs) are known to be highly energetic 
astrophysical objects located at cosmological distance. Ac- 
cumulated data of many GRBs strongly support relativistic 
fireball scenario, in which 7-rays up to MeV are attributed 
to internal shocks due to collisions between fireball shells, 
while their transient component, afterglow, from radio to 
X-rays is attributed to external shocks due to the interac- 
tion of the fireball with external medium. In addition to 
such signals, very high-energy photons that range from a 
few t ens of MeV to GeV have been detected iHurlev et alJ 
I1994I) . and further the detection of an excess of TeV pho- 
tons from GRB 970417a has been claimed with a chance 
probability ~ 1.5 x 10"^ J Atkins et al.ll2000l) . Ahhough the 
statistics of these high-energy signals are not sufficient yet, 
planned future satellites or detectors will promisingly enable 
us to discuss high-energy emission mechanisms of GRBs. 
Several emission mechanisms of GeV-TeV photons are 
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I2OOOI: ISari fc EsinI I2OOII: IZhang fc MeszarosI 
and the proton-synchro tr on em i ssion" ifvtetril 
iBottcher fc Dermeil Il998l: iTotanil Il99d) . as well as 
some other had r on-rel ated emission components 
iBottcher fc DermeJ Il998t) . These mechanisms could 
be valid for internal shocks, external forward shocks, or 
external reverse shocks of GRBs. 

Regardless of the emission mechanism, high-energy pho- 
tons above ~ 100 GeV are expected to be attenuated via the 
77 — > e^e~ process. Target photons with which the initial 
high-energy photons interact are the GRB emission itself or 
the cosmic infrared background (CIB). As for the latter, it is 
suggested that such very high-energy photons may largely be 
absorbed during its propagatio n, if the GRB location is suffi- 
cient l y cosmological as z > 1 Jstecker. de Jager fc Salamor] 
I1992'; 'MacMinn fc Primack"l99^: 'Madau fc Phinnevlll996l : 
'Malkan fc Steckcr 1998; Salamon & Stocked ll99ir There- 
fore, the detection of TeV photons from cosmological 
GRBs will be very difficult. However, since created elec- 
tron/positron pairs due to the interaction with CIB pho- 
tons are very energetic, they can IC scatter on the most nu- 
merous cosmic microwave background (CMB) photon s, giv- 
ing r i se to a delayed secondary MeV-GeV em i ssion jPlaga 
19951: ICheng fc Chen3 Il996l: loai fc Lul 120021: IWang et al, 
2004 iRazzaaue. Meszaros fc Zhansll2004^ . These egener- 
ated emissions would, therefore, be indirect evidence of 
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the intrinsic TeV emission as well as a probe of the CIB 
radiation field, which is not satisfactorily constrained. It 
has been argued that the internal shocks ijPai fc LiJl2002t 
[Razz aguc ct al. 2004jl as well as t he prompt phase of the 
external shocks llWang et al.ll2004) are possibly responsible 
for these delayed MeV-GeV emission, and it would be dis- 
tinguishable from a different delayed GeV component due 
to the direct IC emission from the afterglow. 

Future detection of the direct MeV-GeV emission pre- 
dicted from the afterglow, would be a probe of an emission 
mechanism of the high-energy region as well as physical pa- 
rameters of the fireball. However, the primary emission is 
possibly modified when we consider the regenerated light 
due to an absorption of TeV photons by CIB, and esti- 
mating its flux is a nontrivial problem; if the regenerated 
light signiflcantly changes the high-energy emission proflle, 
it gives a quite large amount of uncertainty on the GRB 
physics since the CIB background as well as extragalactic 
magnetic fleld strength, both of which are not satisfactorily 
constrained yet, alters the expected signal. In this paper, 
therefore, we investigate the effects of the delayed emission 
on the primary afterglow light curve in the GeV range; as a 
source of the regenerated GeV emission, we consider an af- 
terglow phase itself, which is well described by an external 
shock model, while the ot her phases have already been inves- 
tigatcd in several papers JPai fc Lull2'oo3 : IWang erai]|2004l: 
iRa zzaguc ct al. 2 0M1 . Among several mechanisms that pre- 
dict an afterglow spectrum extending to TeV range, we 
adopt the IC scattering of the synchrotron photo ns and fol- 
low the formulation given by Zhang & Mcszaro^ 1I2OOII) and 
ISari fc EsirJ (1200111 : this is because the high-energy emis- 
sion up to TeV region is most likely realized due to the IC 
mechanism JZhang fc Meszaroj|200j) . and the required val- 
ues for relevant parameters appear to be realized in many 
GRBs (jPanaitescu & Kumar 200^ . We show that the regen- 
erated GeV emission, due to the TeV absorption and follow- 
ing CMB scattering, can only slightly changes the detected 
signals. Therefore, we conclude that the GeV light curves 
obtained by the future detectors such as the Gamma-Ray 
Large Area Space Telescope ( GLAST) surely give us intrin- 
sic information concerning the GRB fireball, not affected 
by the uncertainty of the CIB as well as the extragalactic 
magnetic fields. 

This paper is organized as follows. In we briefly sum- 
marize the formulation of the prompt high-energy emission 
given in literature, and then in § |21 we describe the regen- 
eration mechanism from the prompt high-energy emission 
and give formulation for that. The result of the numerical 
calculation using a reasonable parameter set is presented in 
§ 2] and finally, we discuss that result and give conclusions 

in m 



2 HIGH-ENERGY RADIATION FROM 
AFTERGLOWS 

As for evolution of the fireball and radiation spectrum, we 
follow the formulation given in ..Zhan g & Mcszaros (20o3i) 
and ISari fc EsinI i200 J) , and refer the reader to the liter- 
ature for a detailed discussion; here we briefly summarize 
necessary information. 

The spectrum of the afterglow synchrotron emission 



iSari. Piran fc Naravarll998f) has breaks at several frequen- 
cies, i.e., the self-absorption frequency i/a, injection fre- 
quency Um corresponding to the minimum electron Lorentz 
factor 7m, cooling frequency Uc corresponding to the electron 
Lorentz factor 7c for which the radiative timescale equals 
the dynamical time, and cutoff frequency Vu corresponding 
to 7„ above which electrons cannot be accelerated. Break 
frequencies relevant for this study and peak flux are given 
by 

= 2.9 X 10^'' Hz eie^J^sU'th'^'C^ + ^f'^^ (1) 

= 3.1 X 10^^ Hz (1 + Y^Y'^e~j^^^'^E~^''^n-^ 

y.tl'^\\ + zr^l\ (2) 

Vu = 2.3 X 10^^ Hz (1 + Y:)-^Ell^^n-^l^tl^l^ 

x(l + 2)-'/', (3) 

F.,max = 2'd^:Sy el^E5.,n^l^Dl%^(\ + z), (4) 

where z is the redshift of the GRB, £52 is the fireball en- 
ergy per unit solid angle in units of 10^^ ergs sr~^, n the 
external medium density in units of cm~^, £e and es rep- 
resent the fraction of the kinetic energy going to the elec- 
trons and magnetic fields, respectively, th is the observer 
time measured in hours, and Dl,2s is the burst luminos- 
ity distance measured in units of 10'^* cm. The Compton 
parameter Ye is given as a ratio between the luminosities 
due to IC and synchrotron radiation, and can be repre- 
sented by Ye = Lic/isyn = [-1 + (1 + 4r]ee / €3)"-^^] /2, 
where rj — min[l, (7m/7c)''~^] with p representing the spec- 
tral index of injec ted electrons (^anaitoscu & Kumar 200J; 
ISari fc Esinll200lfl . 

The IC spectrum due to the scattering on the syn- 
chrotron seed photons can be very hard if the Compton 
parameter Ye is sufficiently large. The typical break fre- 
quencies that characterize the IC spectrum are i/^ ~ 7mi^m 
and h'l'-^ ~ 7?J'c. The cutoff frequency in the IC compo- 
nent is defined by = min(72j/„, where is 
the Klein-N ishina limit, above which the IC cross section is 
suppressed. ISari fc EsirJ fcOOlT) explicitly gave analytic ex- 
pressions for the IC spectrum, and they pointed out that 
the power-law approximation is no longer accurate at high- 
frequency region, on which we focus in this paper. Therefore, 
we use their analy tic expressions show n in Appendix A of 
'Sari fc EsinI J200ll) . on the contrary to IZhang fc Meszaroj 
12001!) ■ in which the authors used an power-law expression 
for simplicity. High-energy photons reaching to TeV due to 
the IC scatterings are absorbed by the soft photons in the 
fireball and c reate the electron/positron pairs. We follow the 
treatment of lZhaii ^ fc Meszaros' ('2001') for this intrinsic ab- 
sorption (see also '^^i^iwic^r'Sar i 20011:10 3001 fc BlandfordI 
ll990HBottcher fc Schlickeiseilll997t iDermer et alJl2000b^ ■ 

Until this point, we described the emission property 
in the case that the density profile of surrounding mat- 
ter is uniform, i.e., n does not depend on the radius. We 
also consider the case of the wind density profile, which is 
possibly the case because the GRB progenitors can eject 
envelope as a stellar wind; assuming a constant speed of 
the wind, the density profile becomes n(r) — Ar~'^, where 
A is a constant independent of radius r. We normalize 
this constant A as ^ = 3.0 x lO^^yl* cm ~^ where At = 
(M/l Q-^Mp, yr-^)/(u/10^ km s"^) as in IChevaUer fc Lil 
(|200P') for a Wolf-Rayet star. The relevant frequencies and 
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the peak flux are then be represented by 

= 2.8 X 10^' Hz eyi''£li^tl''\l + zf'\ (5) 
i/c = 2.4 X lO" Hz (1 + Y^y'^e'^^'^Sli'^A;'^ 

(6) 



= 1.3X lO^^Hz + 

x(l + ^)~'/', (7) 

F„ = 0.33Jy ^/'f^^f At;:'/'7?Z.'28(1 + ^)'^', (8) 

following the discussion given in lZhang fc Meszaroj i200ll) . 
which is applied to the case of wind profile. Both the syn- 
chrotron and IC spectra at some fixed time are obtained by 
using the same procedure already given above, but the time 
evolution of these spectra changes since the dynamics of an 
expanding jet difi'ers from the case of constant medium. Al- 
though we do not give full repr esentation of the spectral evo - 
lution, the reader is referred to lPanaitescu fc Kumail ll200Cll 
for analytic treatment including the wind-like structure. 



3 INTERACTION WITH COSMIC INFRARED 
BACKGROUND AND REGENERATED 
HIGH-ENERGY EMISSION 

For typical GRB locations at redshift z = 1, 
[Salam ori & Stcckcr ( 1998) indicated that the optical depth 
due to the CIB radiation field reaches ~ 10 when the en- 
ergy of prompt emission is higher than 300 GeV. We assume 
that the electron and positron of the pair share 1/2 the 
photon energy, i.e., 7e = e-y/2me. With this assumption, the 
created electron/positron spectrum can be described by 



dtpd'ye 



^ du F^{tp, e^) 



h'y, 



(9) 



where e-y = hu, tp represents the observed time of the 
prompt emission provided that there is no absorption 
by the CIB, and is the flux of prompt photons in- 
cluding the intrinsic absorption. Following the result of 
[Salamon & Stcckcr (1998), we assume that the high-energy 
photons with ej > 300 GeV are completely attenuated, 
creating pairs with 7^ > 3 x 10^. The pair creations 
typically occur at the distance -Rpair ~ (0.26aTniR)~^ ~ 
5.8 X 10^"* cm~^(niR/l cm~^)~^, where nm is the CIB num- 
ber density; this length scale is much less than the distance 
from the observer to the GRB, Dl, and hence, the attenu- 
ation of the primary photons can be regarded as quite local 
phenomenon. 

The secondary electron/positron pairs then IC scat- 
ter the CMB photons up to GeV energy scale, and pairs 
cool on a timescale tic = 3mec/{4-yeO-TUcmh{z)) ~ 7.3 x 
10^^(7e/10'^)"^(l -I- z)""* s in the local rest frame, where 
Ucuibiz) represents the CMB energy density at redshift z. 
The IC spectrum from an electron (positron) with the 
Lorentz factor js, scattering on a CMB photon whose 
energy is ecmb, d^N^/decia hdt'^dE-y, is explicitly given by 
iBlumenthal fc Gouldl (Il970l) to be 



d^N^ 



•jTrpC ncmb(ecmb, z) 



47lecmb 



27 

e ^cmb 



where ncmb(ecmb, z) is the number spectrum of the CMB at 
redshift z, t'^ represents the time of the delayed emission in 
the local rest frame, measured from the onset of the pair 
generation, and E^ the energy of the delayed 7-ray. Since the 
observed time of the delayed emission t can be represented 
hy t = tp + td, where td is the observed time of the delayed 
emission measured from the pair generation, the flux of the 
regenerated 7-ray is obtained by 



F4t,E^) = 
where 

clayed IC 

dtpdtddE^ 



dtp E-^ 



= / der 



d-^K 



delayed IC 



(11) 



d-^N^ 



decmhdt'^dE^ 



dje 



iic(7e)- 



dtpd'y, 

-ti/At{7,) 
At(7e) 



(12) 



which can be calculated with the previously evaluated spec- 
tra (eqs. |n] and 1101 ). Here, the lower bound of the inte- 
gration over 7e is max[3 x 10^, (E-y /ecn^^,)^^^ /2]. In equation 
1121 1. {d? N-i / decuihdt'ddE^)tic shows a total number of the 
IC photons per unit CMB energy per unit IC photon en- 
ergy, emitted until the parent electron with 7e cools. The 
last part of the same equation e~^'^^ / At represents the 
time profile of the delayed 7-ray emission, and At(7e) is the 
typical observed duration of the IC photons from the elec- 
tron (positron) with Lorentz factor 7e. The typical timescale 
of the delayed emission measured in the observer frame is 
given by At(7e) = max(Atic, At^i, At^), where Atic = (H- 
z)t\c/2'y1 is the IC cooling time; AtA ~ (1 + 2:)-Rpair/27eC is 
the angular spreading time; and Ats = {l + z)ticd%/2 is the 
delay time due to magnetic deflection. The deflection angle 
6»B is given by 61s « 1.3 x 10-'^(7e/10*')-2-BiG -20, where 
Big, -20 represents the extragalactic magnetic fleld strength 
in units of 10"^° C. 



4 RESULTS 

We calculated the expected high-energy signal in the GeV 
range due to the prompt and regenerated afterglow emis- 
sions using equation pn as well as th e formulation given 
bviZharig fc Meszaros ( 2001) and lSari fc Esin (2001). In the 
following discussion, we fix several relevant parameters used 
in our calculation as follows: £52 = lQ,n = 1, At = 1, z = 1, 
and -Big, -20 — 1. 

As for the parameters and es, we first fix them 
at 0.5 and 0.01, respectively. Figure H]a) shows a fluence 
("^ Fudu t as a function of observed time i, where hui = 400 
MeV and hi'2 — 200 GeV; the lower three curves represent 
the fluence of the regenerated emission in the case of nm — 1 
(dashed curve), 0.1 (solid curve), and 0.01 cm~'^ (dot-dashed 
curve). Total fluence from the prompt and delayed afterglow 
components are shown as upper three (almost degenerate) 
curves using the same line type according to the CIB density. 
The fluence threshold for the GLAST satellite is roughly 
ergs cm~^ for a long integration 



4 X 10"''(t/10^ sf^ 



(10) 



time regime (exposure time t > 10'^ s) and ~ 4 x 10~ ergs 
cm~^ for a short integration time, f ollowing the criterion 
that at least 5 photons are collected (ICehrels fc MichelsonI 
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Figure 1. (a) Fluence j"^ F^du t as a function of observed time t, 
integrated over 400 MeV to 200 GeV. Lower three curves show the 
fluence of the regenerated emission in the case of = 1 (dashed 
curve), 0.1 (solid curve), and 0.01 cm~^ (dot-dashed curve). Up- 
per three (almost degenerate) curves show the total fluence. The 
values for the relevant parameters are: £52 = 10, n = l,ee = 
0.5, eg = 0.01, z = 1, and Sig,-20 = 1- The sensitivity curve of 
the GLAST satellite is also shown, (b) Flux ratio of the delayed 
and prompt afterglow emission, integrated over the same energy 
range. 



ll999l:IZhang fc Meszaroj|200ll) : this sensitivity curve is also 
plotted in the same figure as a thin solid line. 

FigureQ^b) shows a ratio of the regenerated and prompt 
flux integrated over the same energy range. From these fig- 
ures, it is found that the contribution from the regenerated 
GeV emission due to the absorption by the GIB photons 
peaks around 10-10* s after the onset of the afterglow, ac- 
cording to the GIB density. This is because the time delay 
occurs mainly by the angular spreading at the location of 
the absorption, At^ oc n^^. The regenerated emission is 
expected to only slightly change the afterglow light curve 
even when we adopt a rather large value of nia; for niR = 1 
cm~'^, its contribution reaches ~ 20% of the prompt emis- 
sion around 10 s, but the total fluence around that time is 
far below the detection threshold. 

By fixing niR to be 0.1 cm~^, we then investigated the 
dependence of the GeV light-curve on te and es; the result 
is shown in figure |21 Curves in figure |2Ia) indicate the to- 
tal fluence evaluated using various sets of (ee,eB), and the 
ratio of regenerated and prompt emission is shown in figure 
|2Ib). As we expect, rather large values of ee are favourable 
for possible detection by the GLAST, because they make 
the spectrum extend to high-energy region owing to the IG 
scattering. In the case of the small ee, on the other hand, 
the flux in the GeV region is not as strong as the case of 
large Ce, as already disc ussed in several past papers (e.g., 
IZhang fc Meszarosll200ih . Regardless of the detectability of 
the total emission, it is easily found that the regenerated 
emission is very weak compared with the prompt one, at 



Figure 2. The same as figure [Tl but for various sets of (ee,es) 
with fixed value of njR = 0.1 cm""^. Total fluence alone is shown 
in the upper panel (a). 
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Figure 3. The same as figure |2] but for the wind-like profile of 
surrounding medium with A* = 1. 



most ~ 30% if the value of es is large, as shown in figure 

Hb). 

The result of the same calculation is shown for the case 
of wind-like profile of surrounding matter, n(r) oc r~^, in fig- 
ure|H]for various values of (ej, es); other parameters are the 
same as figure |5| except for At = 1. We can confirm that the 
GeV light-curves as well as their parameter dependence are 
basically similar to the case of constant density profile. The 
fraction of the regenerated fiux to the prompt one shown in 
figure 13 on the other hand, behaves somewhat differently; 
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it increases as the time pasts. However, it reaches only less 
than 40% at lO" s after the onset of the afterglow, after 
which the detection threshold for the fluence glows as t^^^ 
and the detection itself becomes more and more difficult. 
Furthermore, favourable model with large gives smaller 
contribution from the regenerated emission than the models 
with small e^, which is not favoured from the viewpoint of 
detectability. In consequence, the regenerated emission gives 
only very slight correction to the prompt afterglow emission 
in the GeV region, and further, it is found that this charac- 
teristic is considerably independent of the relevant parame- 
ters such as niR, te, and as well as the density profile of 
the surrounding medium. 



5 DISCUSSION AND CONCLUSIONS 

In recent years, it is suggested that the delayed GeV emis- 
sion, due to the absorption of the TeV photons by the 
GIB radiation field and the following IC scattering on the 
CMB photons, may be detected by the future high-energy 
detectors such as the GLAST. As a sou rce of the orig- 
inal TeV emissions, the internal shocks jPai fc 11 l2002t 
iR.azz aaue et al. as well as the initial phase of the exter- 

nal shocks (WauE ct al. 2004j) have been considered. These 
authors claim that the delayed emission due to the regener- 
ation process during propagation can be distinguished from 
the direct GeV component due to the IG emission in the 
afterglow phase. 

The emission from the afterglows is also expected to 
extend to TeV region with reasonable choices of relevant 
parameters, and then the afterglow phase itself can also 
be a source of the regenerated emission. Since an estima- 
tion of this regenerated emission has not been performed 
yet, and further, whether its intensity is above the detec- 
tion threshold is nontrivial question, we investigated in this 
paper the evolution of the regenerated light from the after- 
glows, and discussed its detectability. As an original high- 
energy emission model that extends to TeV region, we have 
used the modeling of the sync hrotron self-IG mec hanism by 
IZhang fc MeszarosI ll200ll) and lSari fc EsinI (|20o3), and also 
used reasonable choices of relevant parameters. 

As the result of calculation using formalism summarized 
in § 13 and the constant density profile as well as = 0.5 
and es = 0.01, we found that the contribution of the re- 
generation of GeV photons could give a correction at most 
~ 20% even if rather large value for the GIB density (nm = 1 
cm~^) is used as shown in figure Q Although the GIB den- 
sity around 2; = 1 is unknown, observations suggest that 
the l ocal GIB flux at 2.2 /xm is of the order of 10 nW 
sr-i J Wright fc JohnsonllA^ght fc Johnson! IWrighdl2004) . 
which corresponds to nm = 0. 45 x 10~'^ cm~^. Theoretical 
model by Sala mon fc Steckerl lll998h indicates that the co- 
moving density of the GIB photons does not change largely 
(i.e., less than factor of ~ 3) from 2 = 1 to 0, and there- 
fore the proper density of the GIB might be estimated to be 
around 0.1 cm~^, although there remains a fair amount of 
ambiguity. Our calculation suggests that even if we take a 
fairly large value for the GIB density, the regenerated emis- 
sion cannot change the shape of the intrinsic light curve, and 
further, its intensity is far below the detection threshold of 
the GL^ST satellite. 



In addition to the cosmic GIB density, extragalactic 
magnetic field strength may affect the results of our calcula- 
tion via the value of At_g appearing in equation 11121 if it is 
larger than 10"^" G that we used throughout the above dis- 
cussions. The strength of extragalactic magnetic fields has 
not been determined thus far. Faraday rotation measures im- 
ply an upper li mit of ~ 10~^ G for a field with 1 Mpc correla- 
tion length (see lKronbergligg^ for a review). Other methods 
we re proposed to probe fields in the range 10"^° to 10~^^ 
G jLee. Olinto fc SigllHooi iPlagal ITooi iGuetta fc Granoti 
I2OO3I) . To interpret the observed microgauss magnetic fields 
in galaxies and X-ray clusters, the seed fiel ds required in 
dynamo theories cou ld be as low as lO"^'' G llKulsrud et alJ 
ll997tlKulsrudlll999^ . Theoretical calculations of primordial 
magnetic fields show that these fields could be of order 10"'^" 
G or even as low as G, generated during the cosmo- 

logical QGD or electroweak p hase transition, respectively 
JSigl. Olinto fc Jedamzi3ll997^ . Hence, although we used 
the value of 10~^° G as the extragalactic magnetic field 
strength, it is accompanied by a quite large amount of uncer- 
tainty and it may affect the results give above. From figure 
it is found that when Big = 10"^" G, the time delay 
of the regenerated emission is mainly dominated by angu- 
lar spreading, i.e., = At a, because the delayed compo- 
nent changes according to the GIB density niR,. For further 
smaller values of Big than 10~^° G, therefore, our conclu- 
sion does not change. On the other hand, if its value is suffi- 
ciently large such that the condition Ats > At a is satisfied 
for the majority of possible 7e, it further suppresses the re- 
generated emission since its flux is inversely proportional to 
Ats as clearly shown in equation 1121 . In consequence, even 
if the value of extragalactic magnetic flelds differs from our 
reference value, our central conclusion that the regenerated 
emission is negligibly weak compared with the prompt one 
does not change. 

We also performed the same calculation but by fo- 
cusing on dependence on the relevant parameters (ee,es) 
that strongly affect the high-energy emission mechanism. 
We showed that although the total fluence in the GeV re- 
gion considerably depends on the values of (ee,es), but the 
fraction of the regenerated emission to the prompt one is 
always small for any choices of parameter sets (figure ^ . 
This characteristic holds in the case of the wind-like profile 
of surrounding medium as shown in figure |3 AH of these 
facts given above enable us to probe a high-energy emission 
mechanism in the GRB fireballs when data of the GeV pho- 
tons are accumulated, because the expected signal would 
be almost completely free of a large amount of uncertainty 
concerning the GIB density as well as extragalactic mag- 
netic field; they never affect the afterglow emission itself for 
any choices of the relevant parameters (ee,e_B), whichever 
(constant or wind-like) profile of the surrounding medium is 
truly realized. 
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